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Abstract 
Diagnostic simulator of M-28 aircraft was designed in Air Force Institute of Technology (AFIT) in Warsaw together with 
Polish Air Force Academy (PAFA) in Deblin. The project was co-financed by European Union, as a part of “Innovative 
Economy” project entitled: “Development and tests of a diagnostic simulator of an aircraft with virtualization technology 
applied”. This paper describes main assumptions of the project, which aim was to build a diagnostic simulator of the M-28 
aircraft with usage of virtual technology. Simulator is intended for ground engineering crew training in the scope of 
performing maintenance procedures and dealing with  malfunctions. The paper gives the overview of simulator’s technical 
and software structure. Also results of comparative tests carried out among 2 student groups, one trained with the usage of 
simulator, the other with the usage of previously used methods, are presented in the paper. 
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1. Introduction 
Depending on their usage, simulators used in aviation training can differ in hardware, means of visualization 
and achieved degree of realism. They can be based on simple cockpit imitation on a PC computer, through 
more complicated ones, with more realistic cockpit and most of the indicators working, up to complicated 
simulators with full cockpit and environment mapping, placed on a motion platform, which resembles 
movements of real aircraft. The simulators in majority are designed for pilots in order to train them more 
effectively. And while for majority of contemporary used aircrafts in civilian and military aviation there are 
simulators – sometimes only basic CPT (Cockpit Procedure Trainer), sometimes more complicated ones (like 
 
 
* Corresponding author. Tel.: +48 22 68-51-351; fax: +48 22 68-51-451. 
E-mail address: przemyslaw.madrzycki@itwl.pl. 
Available online at www.sciencedirect.com
   t . li   l i  . . Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
396   Przemysław Mądrzycki et al. /  Procedia Computer Science  22 ( 2013 )  395 – 400 
FTD – Flight Training Device or even FFS – Full Flight Simulator), still there are relatively few simulators 
designed especially for ground engineering crew. In civilian aviation only few of Boeings and Airbuses have 
that kind of simulator (including a new Dreamliner). In military aviation the situation is similar – only aircrafts 
like F-22, C-17 or F-18 have a diagnostic simulator. Even when there is a theoretical possibility of simulator’s 
usage for training aviation technicians in practice it is rarely used, as simulators normally are occupied by pilots 
and their training seems to be more important. Nevertheless, training given to the ground engineering crew is 
crucial for flight safety. Those technicians are responsible for checking whether everything works properly in 
the military aircraft before it takes off and after it lands. To ensure that, they must follow special procedures – 
called diagnostic paths – to check out every installation (e.g electrical or fire system) on the aircraft. Each 
diagnostic path means following a set of actions (like turning on fuses or switching switches), performed in 
exact order, and checking whether the system responses are correct (e.g. the proper indicator turns on at the 
right moment). If something goes not the way it is supposed to go it means that in the installation there is a 
malfunction, that need to be fixed before the aircraft can take off. When any malfunction occurs, proper actions 
should be taken, according to pre-defined procedures. What is more important, diagnostic paths and pre-
defined procedures for dealing with malfunctions are aircraft-specific. That means that to be able to perform 
pre-flight inspections for particular aircraft, the technician should complete the course for that given aircraft. 
During traditional courses there is limited time for trainees to familiarise themselves with cockpit and to 
perform diagnostics paths. Moreover “traditional” kind of training means continuous deterioration of used 
aircraft. It also means that trainees can only learn how to deal with limited variety of malfunctions, and some 
kinds of malfunctions cannot be trained at all, as they present danger to both the trainee and the aircraft (e.g. 
engine failure).  
2. Ground engineering crew training in Polish Air Forces 
To improve the quality of training given to ground engineering crew, Air Force Institute of Technology has 
developed and implemented the e-Learning based training system (named “SOWA”) for the aviation 
engineering staff of the Polish Air Force . The system is implemented in Polish Air Force Academy in Deblin 
and at present contains learning material for two aircrafts – M-28 „Bryza“ aircraft and W-3 „Sokóá“ helicopter. 
It has considerably increased the effectiveness and attractiveness of training, which was proved by surveys 
carried out among the students [1]. Experience gained during development and usage of “SOWA” training 
system was extremely useful in development of the diagnostic simulator of M-28 aircraft. The project is 
entitled “Development and tests of a diagnostic simulator of an aircraft with virtualization technology applied” 
(No. UDA-POIG.01.03.01-00-201/09-00) and is financially supported by the Operational Programme 
“Innovative Economy”, within the priority framework of Research and Development of New Technologies 
Action 1.3 Support for R&D projects for entrepreneurs, performed by R&D centres Sub-action 1.3.1 
Development projects [2]. The project has started in 2010 and since the end of 2012 the simulator is installed in 
PAFA, fully operational and used for ground engineering crew training. 
3. Simulator's structure 
One of the basic assumptions of the project was that the structure of developed diagnostic simulator should 
resemble the structure of real aircraft as much as it is possible. It should also enable the trainee to perform all 
diagnostic paths in the way that is possibly similar to the way it is done on real aircraft. What’s more important 
– the simulator should model most often malfunctions that can occur on real aircraft to learn the trainee the 
possible ways of dealing with and removing them.  
The diagnostic simulator is comprised of the following components (Fig.1.) [3]: 
x Trainee’s workbench – a virtual cockpit; 
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x Trainee’s workbench – a virtual fuselage; 
x Instructor’s workplace. 
a)   
b)  
Fig. 1. Diagnostic simulator’s structure – virtual cockpit (a) and virtual fuselage (b) workbench. 
The trainee’s workbench – a virtual cockpit is a full model of M-28 aircraft’s cockpit, with physical 
dimensions as close to the real one as it was possible. All switches and indicators were modelled using 3D 
techniques. Interactions with models are achieved through touchscreens.  
The trainee’s workbench – a virtual fuselage is a scaled model of M-28 aircraft fuselage, with all 
compartments and their inside interactive. The interaction is achieved through mouse and keyboard. 
The instructor’s workplace is intended for the whole exercise supervising, choosing the right scenario for the 
trainee and exercise evaluation. 
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4. Simulator's working modes 
 
The simulator works in following modes: 
x demonstration mode  
x learning mode – with hints  
x learning mode – without hints  
x learning mode – with malfunctions  
x debriefing mode  
Demonstration mode is used for the initial stage of training. It gives the trainee the possibility to familiarise 
oneself with cockpit and fuselage structure, it also serves as initial training of diagnostic procedures, which are 
done automatically. Simulator working in learning modes enables the trainee to perform diagnostic procedures 
by oneself, at first with some hints from the system. When the trainee is able to perform diagnostic procedures 
correctly then scenarios with malfunction/malfunctions are introduced. The trainee should perform the proper 
diagnostic procedure, but ought to be able to detect and recognise when something works not the way it 
suppose to. Then the trainee should suggest which actions should be taken to remove the malfunction and start 
performing the diagnostic procedure again from the beginning. That actions should repeat as long as whole 
diagnostic path is performed correctly, without any malfunction. In debriefing mode, as the whole exercise is 
recorded, it can be reproduced.  
5. Training efficiency 
To check the efficiency of new training method the tests were conducted on 2 groups of technicians who 
were trained in the scope of maintenance of M-28 aircraft’s on-board equipment and electrical and radio-
electronic devices. Those technicians were aviation mechanics, with knowledge of maintenance of other types 
of aircraft but with no experience with maintenance of M-28 aircraft. One group was trained in the way it was 
before – with extensive theoretical lecturing and limited practical training on real aircraft. The other first had 
the theoretical background, then extensive training on the simulator and later some training on the real aircraft. 
After the training both groups were asked to perform specified check-out, according to diagnostic procedures, 
on the real aircraft. All actions were observed and evaluated by the instructor. Correctly performed actions 
were marked as “1”, incorrect actions – “0”, to provide maximum objectivity. Each check-out consisted of set 
of 5 up 10 actions – type and amount of actions depend on the type of check-out. For example to correctly 
perform flight parameter recorder checking the trainee should: 
x check the flight parameter recorder parts arrangement in the cockpit  
x type in correct pilot’s index 
x automatically turn on the recorder 
x manually turn on the recorder  
x check the correctness of recorder’s work 
Each of this actions were evaluated separately. 
To evaluate the increase in the trainee’s knowledge the following formula was used: 
%100u 
achieve to result possible maximum
training the after traineeby  achieved resultsfactor increase knowledge  
Results of conducted tests are presented in the Fig. 2 and 3. 
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Fig. 2. Comparison of average knowledge increase factor of trainees trained with the usage of traditional and new training method in the 
scope of on-board equipment and electrical devices maintenance. 
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Fig. 3. Comparison of average knowledge increase factor of trainees trained with the usage of traditional and new training method in the 
scope of radio-electric device maintenance.  
As can be observed in all kinds of procedures new method, with the usage of diagnostic simulator, proved to 
be more efficient than methods used before.  
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6. Summary 
Conducted comparison tests between training with the usage of “traditional” and “new” method showed that 
technicians trained with the usage of diagnostic simulator had better practical skills and were able to perform 
diagnostic procedures better. Some of the factors that could cause that are: 
x more people can be trained in the cockpit at the same time. On the airplane the maximum is 2 people, in the 
simulator – 6 people. That way the instructor can spend more time explaining some exploitation problems to 
bigger auditory 
x more time can be spend by the trainee on training – usage of simulator eliminates the necessity of 
preparation of the aircraft before each exercise 
x elimination of stress connected with working on real aircraft 
The usage of 3D visualization and touchscreens as means of interactions presented no problems to trainees. 
The adapted to this environment surprisingly quickly and after few tests were able to perform all procedures 
without any problems.  
In seams that in future more aircrafts will be equipped in diagnostic simulators. Their usage in training 
ground engineering crew should result in better training quality.  
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